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25
Genome-wide association studies (GWAS) aim to identify single nucleotide 26 polymorphisms (SNPs) whose allelic variation is significantly tied to phenotypic variation. In 27 principle, the tie between the allelic variation and phenotypic variation can be measured based on 28 the variance among the phenotypic averages for all scores per each SNP (Kim, 2017; Kim, 2018a) .
29
Greater variance indicates a stronger tie. Conventional GWAS practice has been largely conducted Recently, however, Kim (2019) demonstrated that the use of a kinship matrix actually makes the 36 LMM unreliable. In this regard, this study excluded the LMM.
37
Conventional GWAS practice based on the linear model often regresses each SNP variable 38 along with population-structure variables against a phenotypic variable, one by one across all SNPs.
39
Therein, the use of population-structure variables aims to obtain an adjusted phenotype calculated 40 by subtracting the estimated population-structure effect from the phenotype (Yu et 
Statistical model
61
The two linear models were established as follows: Figure 3C is the same as Figure 3A in shape. However, Figure 3C meets λ = 1 by 128 implementing the genomic control with Figure 3A . Figure 3E represents the Manhattan plot in 129 relation to Equation 3, in which the resultant λ was 1.433. Compared with Figure 3A , Figure 3E 130 has substantially lower λ . This suggests that accounting for the four PCA variables was 131 impactful in diminishing the genomic inflation. Figure 3G was obtained by adjusting Figure 3E by 132 implementing the genomic control. This led to λ = 1 in Figure 3G . It is apparent that Figure 3E 
